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3.4  REPORT OF THE SUBPANEL ON INTER-Ib. HATCHING 
The inter-image matching p a n e l  met for two s e s s i o n s  t o  d e f i n e  r e s e a r c h  needs 
i n  t h i s  s u b j e c t  area for e a r t h  r e s o u r c e  
sisted of: 
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Mr. J e r r y  M. C a n t r i l  
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Mr. F r e d e r i c k  W. McCaleb 
NAS A/GSFC 
o b s e r v a t i o n  systems.  The p a n e l  con- 
Mr. Donald Brandshaf t  
S a n t a  Barbara Research Center  
Mr. Paul F. Maynard 
E a r t h  Sa t e l l i t e  Corporat ion 
Mr. Terry  S i l v e r b e r g  
u of MD 
Hr. Richard Signan 
Department of A g r i c u l t u r e  
Professor iaveaii Keiial 
u of m 
Mr. George Aus t in  
Loc kh eed 
The survey  paper  prepared by R. Wolfe and F?. Juday provided a good overview of 
t h e  s t a t e  of t h e  a r t  and requirements .  The pane l  c o n c e n t r a t e d  upon developing  
t h e  d e s i g c  of and r a t i o n a l e  for r e s e a r c h  effor ts  i n  this a r e a .  
3.4.1 Recommended Research 
Six research a r e a s  were i d e n t i f i e d  by t h e  pane l  and a r e  d e s c r i b e d  below: 
I. Cor re1 a t  i on Cons id er a t i on s 
The i s s u e s  t o  be addressed under t h i s  t o p i c  a r e  those r e l a t i n g  to  matching 
s m a l l  s e c t i o n s  of images (or  informat ion  d e r i v e d  from images) t o  other images 
(or map-derived informat jon)  . We recommznd c o n s i d e r i n g  the  f c l l o w i n g  topics:  
a )  t y p e s  of c o r r e l a t i o n  a l g o r i t h m s ,  b )  preprocess ing  t e c h n i q u e s ,  c )  limits on 
subpixed accuracy,  d )  rel ief and atmospheric  r e f r a c t i c n  e f foc t s ,  
e)  e v a l u a t i o n  of s u c c e s s  r a t e ,  f )  ? v a l u a t i o n  of accuracy.  
We are aware o f  v a r i o u s  matching and preprocess ing  techniques  a s  i n d i c a t e d  i n  
t h e  survey  paper .  However, a s t u d y  is still needed t o  compare these from t h e  
p o i n t s  of view of  i n t e r a c t i o n s  among them and t h e i r  e f f ec t s  on accuracy  o f  
matches. A s t u d y  should be made o f  t h e  t h e o r e t i c a l  limits on t h e  subpixed ac- 
curacy  t h a t  can be achieved given t h a t  t h e  images a r e  sampled d a t a .  The va- 
l i d i t y  of t e c h n i q u e s  used for e s t i m a t i n g  l lsubpixel offsetsy1 (e .g . ,  s u r f a c e  
f i t t i n g )  for mat.ching maps should be examined. The effects of relief and a t -  
mospheric r e f r a c t i o n  on the image-matching p r o c e s s  should  be q u a n t i f i e d ,  es- 
p e c i a l l y  i n  r e l a t i o n  t o  h i g h e r  r e s o l u t i o n  s e n s o r s .  Techniques should be de- 
veloped for  e s t l m a t i n g  p r o b a b i l j  t ie3 of image matching success, fa l se-a la rm 
and miss r a t e s .  
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The c o r r e l a t i o n  t e c h n i q u e s  t o  be  cons idered  should i n c l u d e  llnonraster" d a t a  
types .  Ex t r ac t ion  of irr.age features t o  match wi th  " d i g i t a l  map" r ep resen ta -  
t i o n s  should be  cons idered  due  t o  i t s  p o t e n t i a l  f o r  a canrnon d a t a  base  f o r  
m u l t i p l e  s enso r s .  D i f f e r e n t  d a t a  t y p e s  may r e q u i r e  d i f f e r e l i t  a lgo r i thms .  
Both senso r  d a t a  c o r r e l a t i o n  and t h e  r e w i r e d  preprocess ing  shos ld  be s t u d i e d .  
A t r a d e o f i  s tudy  should be  made t o  f ind  t h e  optimun combination o f  preprocess-  
ing c o r r e l a t i o n  and surface f i t t i n g  f o r  o f f s e t  e s t i m a t i o n  i n  relation t o  v a r i -  
ous senso r  t y p e s  ( r e s o l u t i o n  , s p e c t r a l  c h a r a c t e r i s t i c s ,  geometr ics )  , ground 
c h a r a c t e r i s t i c s ,  and imaging seasons .  
If c o r r e l a t i o n  t echn iques  guarantee inE s u c c e s s f u l  image matching a r e  not  
a v a i l a b l e  and v e r i f i e d ,  t h e  s p e c i f i c a t i o n s  such  a s  t h e  Thematic Mapper e q u i p  
ment  o f  .3 ( r e l a t i v e )  and .5 ( a b s o l u t e )  accuracy cannot  be met. It ha: been 
shown t h a t  hard s p e c i f i c a t i o n s  s u c h  a s  these i m p l y  h igh  ground sys tem c o s t s .  
Therefore  i t  is necessa ry  t o  e s t a b l i s h  r s a l i z a b i i i t y  o f  s u c h  a c c u r a c i e s  so 
t h a t  we e i t h e r  no t  be  a s  s t r i n g e n t  w i t h  t h e  s p e c i f i c a t i o n s  and l e t  users " l i v e  
w i t h "  t h e  e r r o r s ,  o r  cane  up w i t h  t echn iques  f o r  achiev ing  and v e r i f y i n g  t h e  
accu rac i e s .  Mul t i sensor  image matching and image t o  nonimage d a t a  matching 
tea!xin,xs hsve t h e  p e t o ~ t i z l  cf saving  t h e  e f f o r t .  needed i n  b u i l d i n g  m u l t i p l e  
c o n t r o l  po in t  l i b r a r i e s .  
Items a through d l is ted below c o n s t i t u t e  a cohe ren t  group. The p r i o r i t i z a -  
t i o n  should be  i n  terms o f  t h e o r e t i c a l  work and - h e  experiments  t o  h e  per- 
formed on va r ious  sensor t y p e s ,  d a t a  t y p e s ,  e t c  The sequence c? events  
should be as  fo l lows:  a )  c r e a t e  a canmon so f tware  b r a r y  t o  be shared amorlg 
r e sea rche r s :  b )  perform t h e o r e t i c a l  s t u d i e s  o f  : pixed  a c c u r a c i e s ,  re l ief  
d i s t o r t i o n s  and atmospheric  r e f r a c t i o n  e f fec ts ;  c )  i d e n t i f y  s e n s o r  t y p e s  and 
experimental  d a t a  se ts  ( s y n t h e t i c  and r e a l )  t o  b e  u: xi; d )  conduct t es t s  o f  
t e c h n i c i a n s  and t r a d e  o f f  studies. 
11. Study t o  determiire i n t e r a c t i o n  o f  inter- image matching procedures  and se- 
l e c t i o n  of  GCPs f o r  a given senso r .  
The t y p e s  o f  GCPs  which should be selected fo r  f u t u r e  l i b r a r i e s  w i l l  most 
l i k e l y  depend not  o n l y  on t h e  c h a r a c t e r i s t i c s  o f  t h e  GCP, b u t  a l s o  on t h e  
matching procedures  i n  which t h e  C C P s  w i l l  b e  u s e d .  For remote sens ing  d a t a  
from a given s e n s o r ,  an experimental  des ign  w i t h  t h e  fol lowing a n a l y s i s  ele- 
ments i s  proposed : a )  preprocess ing  procedure a n a l y s i s ,  b) in te r - image  match- 
ing f a c t o r s  a n a l y s i s  ( c o r r e l a t i o n  measure,  c o r r e l a t i o n  peak de te rmina t ion ,  
match r e j e c t / a c c e p t  c r i t e r i a )  , c )  C C P  f a c t o r s  a n a l y s i s  ( t y p e  o f  GCP, season  
and scene c h a r a c t e r i s t i c s  o f  base  c h i p ,  season  and scen? c h a r a c t e r i s t i c s  o f  
t es t  c h i p ) .  
W i t h i n  each f a c t o r  c m b i n a t i o n ,  c h i p  p a i r s  w i t h  knosn image-to-image matches 
(determined manual.ly) w i l l  be  subjected t o  t h e  process ing  f a c t o r s .  Measured 
response  d a t a  f o r  t h e  exper imenta l  des ign  w i l l  b e  matches and summary s t a t i s -  
t i c s  ( ave rage ,  d i s p r s i o n ,  p e r c e n t i l e s )  of t h e  d i f f e r e n c e  between true o f f s e t  
and au tomat i ca l ly  determined o f f s e t  f o r  nonre jec ted  matches,  and measures o f  
t h e  temporal s t a b i l i t y  o f  matching performance. "he b e n e f i t s  o f  t h e  above de- 
s c r ibed  s t u d y  a r e  t h a t  t h e  s t u d y  conc lus ions  w i l l  p rovide  guidance i n  selec- 
t i o n  o f  S C P s  f o r  fu ture  l i b r a r i e s .  The p e n a l t i e s  f o r  no t  performing t h e  s t u d y  
i s  t h a t  f u t u r e  GCP l i b r a r i e s  w i l l  b e  b u i l t  b u t  w i l l  have low success r a t e  i n  
au tomat i ca l ly  r e g i s t e r i n g  d a t a .  
XII. Global  m u l t i s e n u x  control poirt t  L ibrary  f z a s i b i l i t y  s tudy .  
If around cwtt;Lo; p o i n t s  a r e  t o  be used t o  r . ecz l fy  and/or  r e g i s t e r  f u t u r e  re- 
motely sensed image d a t a ,  t h e  feasibility of a h i g h l y  automated, g l o b a l ,  mul- 
t i s e n s o r  c o n t r o i  p o i n t  l i b r a r y  shoc ld  at determined.  Such 8 s y s t e m  should  in-  
c o r p o r a t e  improved methods o f  l oad ing  c o n t r o l  p o i n t s ,  improved user a c c e s s  
( i n c l u d i n g  t h e  c a p a b i l i t y  for u a e x  t o  i n t e r a c t i v e l y  load  t h e i ?  own c o n t r o l  
p o i n t s  frotII remote t e r m i n a l s ) ,  s t s n d a r d  contrcl p o i n t  formats, and 6 mult1;en- 
sor d a t a  base.  
A g l o b a l  mu l t i s enso r  c o n t r o l  p o i n t  ll!wery would reduce  t h e  o p e r a t i o n a l  costs 
a s s o c i a t e d  w!th p r e c i s i o n  r c c t i f l c a t i o n  and r e g i s t r a t i o n  of f u t u r e  s e n s o r  sys-  
tems, In  addi t ior . ,  t h e  c a p a b i l t t y  f o r  u s e r s  t o  load s p e c i a l  sets o f  G C P s  and 
a c c e s s  t h e  GCP l i b r b r y  a l lo l r s  t h e  u s e r  t o  gua ran tee  t h e  r e c t i f i c a t i o n  and/or  
r e g l s t r a t . i o n  accuracy  u f  s p e c i f i c  d a t a  sets o f  Interest t o  him. 
The iV.t.Ia1 c a p i t a l  outlay t o  implement such a sys tem would probably be  i n  ex- 
cess o f  $?O m i l l i w .  I n  a d d i t i o n ,  multiseitsor r e g i s t r a t i o n  e a y  well n o t  be 
easy to  achieve.  
IV. Multi;>le Cont ro l  P o i n t  Cocs ide ra t ions  
E leva t ion  o f  observed c o n t r o l  p o i n t  mismatches t o  an  image-level mismatch 
c h a r a ~ t e r i z s t i m  is e f f e c t e d  by f i t t i n g  a d i s t o r t i o n  func t ion  t o  t h e  GCP o f f -  
sets. This d l s t . t r t i o n  func t ion  could a r i s e  from ( 1 )  inadequacy !n 2 p r i o r i  
d e f i n i t i o n  o f  t h e  g e m e t r i c a l  model (e .g .*  n o t  i n c l u d i n e  soar, enomel?es,  ter- 
r a i n  effects, n t r o s p h e r i c  d i f f e r e n t i a l  refraction, etc. 1 * (2) from an incom- 
p l e t z  cha rac t e rSza t ion  o f  its form (e .g . ,  r o l e  is modeled as t h i rd -o rde t  i n  
t h e  b u t  t h e  dLta is f i r s t  o r d e r ) ,  or ( 3 )  t h e  c a s e  t h a t  chr a priori model is 
prop6*ly  c b a r e c t e r i z e d  b u t  w i t h  imprec i se  parameters  (e.&. , polynominal coef-  
f l c i m t s  are r e f i n e d  wikh GCP d a t a ) .  C h a r a c t e r i z a t i o n  of the model d i c t a t e s  
t h e  op t ima l  s i z l n a  and placemen? 01 c o n t r o l  poir , ts .  The p c s s i b i l i t y  af  unde- 
t e c t e d  CCP o u t l i e r s  ( i - e . ,  e r roneous  matches) d i c t a t e s  t h e  w e d  for estimation 
techd qu-.s beyond convent iona l  l eas t  squares .  
- 
me prcposed research would i n v e s t i g a t e  t h e  effect  o f  n u m b s  and d i s t r i b u t i o n  
of c o n t r o i  p o i n t s  r equ i r ed  a3 an e f f e c t  o f  image ( s e n s o r )  c t a r a c t 3 r i s t i c s  ade- 
quscy 9f fi t  t o  ar; CJ p r i o r i  model or s e l e c t i o n  o f  degree  or mode? f o r  warping 
func t ion  Iq an adap-c‘,ve sens2.  The adap t ive  c a p a b i l i t y  w i l l  reduce t h e  number 
of c o r r e i o k i o n s  required for mapping well crdered d a t a  se ts  and consequent ly  
‘he process ing  time or  e q u i p t e n t  compleri’iy k h i l e  ex tending  tne c a p a b i l i t y  t o  
riandle diverse d a t a  sets a t  Limited througnput  r a t e s .  
The fol lowing s p e c i f i c  a r e a s  dre recmmended: a )  I n v e s t i g a t e  s p a t i a l  d i s t o 7 -  
t l o n  f i l t e r i n g :  der ive  new t echn iques  or expand existirq t echa iques .  e.6. 
Kahlman f i l t e r i n g ;  b )  Test. polynomial rubber  s h e e t i n g  i a  terms o f  compromise 
between o r d e r  s e l e c t i o n  and reducing  ifHS er ror :  c : l r # v e s t i g a t e  a p p l i c a t i o n  of 
robus t  e s t i m a t i o n  t ecbn iqves  t o  rubbe,--s!,eeting and t o  f i t t i n g  a Fricri forms; 
d )  i n v e s t i g a t e  a d a p t i v e  placement of c o n t r o l  p o i n t s ,  e.g. , t o -e f f ec t  minimum 
RHS f i t  errors: e) I n v e s t i g a t e  magnitude o f  high-frequenoy geometr ica l  d i ~ -  
t o r t i o n s  [a tmospher ic  d i s t o r t i o n ,  zenaor  anomalies)  and c o n t r o l  po in t  sizing; 
f )  I n v e s t i g a t e  methods t o  overcome geometr ica l  d i 3 t o r t i o n s  w i t h  a 5 C P  pa tch .  
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Candidate methods inc lude  i t e r a t i v e  r e g i s t r a t i o n  ( c o r r e l a t e ,  remap, r e c o r r e l -  
a t e ,  remap, e t c . )  and a p p l i c a t i o n  of t h e  a f f i n e / F o u r i e r  technique  of  Emmert 
and HcCillam t o  determining t h e  o f f s e t  i n  an a f f i n e l y  d i s t o r t e d  CCP. 
V. Cent ra l ized  System Study 
A t rade-off  s t u d y  needs t o  be undertaken t h a t  cons ide r s  t h e  opt imal  hardware 
conf igu ra t ion  f o r  imdge product ion of d a t a  der ived  from d i f f e r e n t  sensor  types  
w i t h  emphasis on sof tware/hardware t r a d e o f f  f o r  balanced computation and 110. 
Of p a r t i c u l a r  i n t e r e s t  is t h e  c ? d  t o  determine f e a s i b i l i t y  of developing a 
c e n t r a l i z e d  sys tem t o  perform r e g i s t r a t i o n  and r e c t i f i c a t i o n  f o r  va r ious  sen- 
sors ( i . e . ,  SAR, HLA, HSS, e t c . ) .  Development of  a c e n t r d i z e d  system could 
be t h e  most economical and e f f i c i e n t  approach t o  meet f u t u r e  image process ing  
requirements .  
V I .  User System S t u d i e s  
By using 3 combination of systems a n a l y s t s ,  a survey of  u s e r  expe r i ence ,  and 
experimental  tests, i t  should be p o s s i b l e  t o  determine t h e  speedup f a c t o r s  a 
user  can expect  by u s i n g  commercially a v a i l a b l e  s p e c i a l  purpose  hardware such 
a s  a r r a y  processors  and b u l k  core  memory. I t  should a l s o  b e  p o s s i b l e  t o  de- 
termine whetner i t  is economical t o  speed up commonly used a lgor i thms by u s i n g  
s imple custom e l e c t r o n i c s .  This s t u d y  would a s s l s t  Lsers i n  hardware systems 
desigr. .  
3.4.2 Research P r i o r i t i e s  
P r i o r i t i e s  f o r  t h e  proposed research  a r e  subdivided i n  F igures  1 and 2 i n t o  
near- or long-term t a s k s .  The elements  l i s t e d  a r e  s u b s e t s  of t h e  six recom- 
mended research  a r e a s .  
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